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Introduction
The give useful information about the structure of this meson (for a discussion about the nature of D sJ mesons and their quark content see [1, 2] ). Analysis of the D s 0 (2317) → D approaches are needed. Among the existing nonperturbative methods, QCD sum rules has received especial attention, because this approach is based on the fundamental QCD Lagrangian. There are two kinds of QCD sum rule approaches, three point and light cone QCD. In three point QCD sum rules, the perturbative part of the correlation function is expanded in terms of operators having different mass dimensions with the help of the operator product expansion (OPE). In light cone QCD, the distribution amplitudes (DA's) of the particles expanding in terms of different twists are used [4, 5, 6] . This method has been applied successfully for wide variety of problems [7, 8, 9, 10, 11] (for a review see also [12] ). In present work, we describe the semileptonic B q → D q ℓν decays by calculating the relevant form factors in the framework of the three point QCD sum rules approach. Note that, the form factors of B → Dℓν have been calculated in lattice QCD [13, 14, 15, 16] and the subleading Isgur-Wise form factor is computed in QCD sum rules and its application for the B → Dℓν decay is shown in [17, 18] (for similar previous works see also [19, 20, 21] ). Moreover, the B q → D q ℓν transitions have been studied in the constituent quark meson (CQM) model for q = s, u, d in [22] and for q = u, d, the experimental results can be found in [23] . This paper is organized as follows: In section II, we calculate the sum rules for the two form factors relevant to these transitions. Section III is devoted with the numerical analysis, conclusion, discussion and comparison of our results for the form factors and branching ratios with those of the other phenomenological model, lattice QCD and experiment. In the quark level, the B q → D q ℓν transitions proceed by the b → c transition (see Fig. 1 ). The matrix element for these transitions at the quark level can be written as:
To obtain the matrix elements for B q → D q ℓν decays, we need to sandwich Eq. (1) between initial and final meson states, so the amplitude of these decays gets the following form:
Our aim is to calculate the matrix elements 
where f 1 (q 2 ), f 2 (q 2 ) are the transition form factors and
From the general philosophy of QCD sum rules method, in order to calculate the form factors we consider the following correlator:
where J Dq (y) = cγ 5 q and J Bq (x) = bγ 5 q are the interpolating currents of the D q and B q , respectively and J 
where · · · represents the contributions coming from higher states and continuum. The following matrix elements in Eq. (5) are defined in the standard way as:
where f Dq and f Bq are the leptonic decay constants of D q and B q mesons, respectively. Using Eq. (3) and Eq. (6), Eq. (5) can be written in hadronic language as:
Where,
+ excited states,
Now, let calculate the theoretical part (QCD side) of the correlation func-
2 ) in quark and gluon languages with the help of the operator
The correlator is written in terms of the perturbative and nonperturbative parts as:
To obtain the sum rules for the form factors, the two different representa- (Fig. 2b, 2c, 2d) . In calculating the bare-loop contribution, we first write the double dispersion representation for the coefficients of corresponding Lorentz structures appearing in the correlation function as: The spectral densities ρ i (s, s ′ , q 2 ) can be calculated from the usual Feynman integral (bare loop diagram in Fig. 2a ) with the help of Cutkosky rules, i.e., by replacing the quark propagators with Dirac delta functions:
, which implies that all quarks are real. After some straightforward calculations for the spectral densities corresponding to P µ and q µ we obtain:
where
In Eq. (11) N c = 3 is the number of colors. The integration region for the perturbative contribution in Eq. (10) is determined from the condition that arguments of the three δ functions must vanish simultaneously. The physical region in s and s ′ plane is described by the following inequalities:
From the above equation, it is easy to calculate the lower bound of integration over s ′ as a function of s. (i.e., s ′ = f (s)).
For the contribution of power corrections, i.e., the contributions of operators with dimensions d = 3, 4 and 5 (diagrams in Fig. 2b, 2c ,2d) , we obtain the following results:
where 
2 ) in order to suppress the contributions of higher states and continuum:
where i = 1, 2 and B(M 2 ) denotes the double Borel transformation operator. In Eq. (15), in order to subtract the contributions of the higher states and continuum, the quark-hadron duality assumption is used, i.e., it is assumed that
In calculations, the following rule for double Borel transformations is also used:
3 Numerical analysis can be determined by requiring that, on the one side, the continuum contribution should be small, and on the other side, the contribution of the operator with the highest dimension should be small. As a result of the above-mentioned requirements, the working regions are determined to be 10 GeV 2 < M In order to estimate the decay width of B q → D q lν it is necessary to know the q 2 dependence of the form factors f 1 (q 2 ) and f 2 (q 2 ) in the whole
The q 2 dependencies of the form factors can be calculated from QCD sum rules (for details, see [31, 32] ). For extracting the q 2 dependencies of the form factors from QCD sum rules, we should consider a range of q 2 where the correlation function can reliably be calculated. For this purpose we have to stay approximately 1 GeV 2 below the perturbative cut, i.e., up to q 2 = 10 GeV 2 . In order to extend our results to the full physical region, we look for parametrization of the form factors in such a way that in the region 0 ≤ q 2 ≤ 10 GeV 2 , this parametrization coincides with the sum rules prediction. The dependence of form factors f 1 (q 2 ) and f 2 (q 2 ) on q 2 for set 1 are given in Figs. 3 and 4 , respectively.
Our numerical calculations show that the best parametrization of the form factors with respect to q 2 are as follows:
Bq . The values of the parameters f i (0), α, β, γ and λ for set1 are given in the Table 1 . Now, we are going to calculate the total decay width for these transitions.
The differential decay width is as follows:
Next step is to calculate the value of the branching ratio for these decays.
Taking into account the q 2 dependencies of the form factors and performing integration over q 2 in Eq. (19) [34] , the following results of the branching ratios for set 1 are obtained.
The result for B s → D s ℓν shows that this transition can also be easily At the end of this section, we would like to compare the present work results of the form factors and their limits at heavy quark effective theory (HQET) (for details see [9] ) for two sets with the predictions of the lattice QCD [13, 16] at zero recoil limit for B → Dℓν. For this aim, we introduce the notations used in [13, 16] equivalent to Eq. (3)
where h + and h − are the transition form factors and v and v ′ are the four velocities of the initial and final meson states. The relations between our form factors with the h + and h − are given as:
In order to perform the heavy quark mass limit, we define the multiplication of the v and v ′ as
At zero recoil limit, w = 1 and from Eq. (23) it is correspond to q 2 ≃ 11 GeV 2 which lies in the interval m Table 2 good consistency among the models especially when we consider the errors.
Moreover, a comparison of our results for the branching ratio of the B q → D q ℓν with the predictions of the CQM model [22] and the experiment [23] are also given in Table 3 . Considering the uncertainties and intervals, this Table also shows a good agreement among the phenomenological approaches and the experiment. Furthermore, this Table indicates that the value of the branching ratio increases both in the present work and the experiment by increasing the mass of theuark. The intervals and uncertainties for values in the present study are related to the uncertainties in the values of the input parameters as well as different lepton types (e, µ, τ ). Our results for set 1 and set2 show that the value of the branching ratio is sensitive to the uncertainties in the value of the leptonic decay constants as well as the heavy quark masses. The existing uncertainties in light quark masses for q = u and d cases don't change the results but for q = s case, we see a variation about 3 0 / 0 in the value of the branching ratio.
In conclusion, the semileptonic B q → D q ℓν decays were investigated in QCD sum rules method. The q 2 dependencies of the transition form factors were evaluated. Using the expressions for the related form factors, the total decay width and the branching ratio for these decays have been estimated. 
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